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FRQWULEXWH WR WKHGHFOLQH DQG HYHQ WKH H[WLQFWLRQRI VSHFLHV WKDWGHSHQGRQ ORQJLWXGLQDOPRYHPHQWV DORQJ WKH
VWUHDPFRQWLQXXPGXULQJFHUWDLQSKDVHVRIWKHLUOLIHF\FOH0RUWDOLW\UHVXOWLQJIURPILVKSDVVDJHWKURXJKK\GUDXOLF
WXUELQHV RU RYHU VSLOOZD\V GXULQJ WKHLU GRZQVWUHDP PLJUDWLRQ FDQ EH VLJQLILFDQW +DELWDW ORVV RU DOWHUDWLRQ
GLVFKDUJHPRGLILFDWLRQVFKDQJHVLQZDWHUTXDOLW\DQGWHPSHUDWXUHLQFUHDVHGSUHGDWLRQSUHVVXUHDVZHOODVGHOD\V
LQPLJUDWLRQFDXVHGE\GDPVDUHVLJQLILFDQWLVVXHVDIIHFWLQJGLDGURPRXVILVKVWRFNV>@
$WWKHVDPHWLPHWKHXVHRIK\GURSRZHULVDVLJQLILFDQWFRQWULEXWLRQWRPLWLJDWLRQRIFOLPDWHFKDQJHDQGUHGXFWLRQ
RIJUHHQKRXVHJDVHPLVVLRQV&OLPDWHDQG(QHUJ\)UDPHZRUNDJUHHGE\(8OHDGHUV LQDLPV WRUHGXFH
JUHHQKRXVHJDVHPLVVLRQVE\EHORZOHYHOVDVZHOODVDFKLHYHVKDUHRIUHQHZDEOHHQHUJ\VRXUFHV
IROORZLQJWDUJHWV±RI*+*HPLVVLRQVDQGRI5(6/DWYLDLVRQHRIWKHOHDGLQJ(8PHPEHUVWDWHV
LQWKHXVHRIUHQHZDEOHHQHUJ\7KLVDFKLHYHPHQWLVPRVWO\EDVHGRQ'DXJDYD+33VZKLFKSURGXFHDWOHDVWRI
WKHWRWDOHOHFWULFLW\JHQHUDWHGLQ/DWYLD
&RH[LVWHQFH RI K\GURSRZHU DQG ULYHU V\VWHP ELRGLYHUVLW\ LV DOZD\V D FKDOOHQJH ZKLFK UHTXLUHV FRPSOH[
VXVWDLQDEOH VROXWLRQV WDNLQJ LQWR FRQVLGHUDWLRQ HFRQRPLF VRFLDO DQG HQYLURQPHQWDO DVSHFWV 7ZR HQYLURQPHQWDO
VFLHQFHDUHDV±ELRGLYHUVLW\FRQVHUYDWLRQDQGFOLPDWHFKDQJHPLWLJDWLRQFRPHWRDFRQIOLFWDWWKLVSRLQW&RPSURPLVH
VKRXOG EH IRXQG ZLWKRXW QHJOHFWLQJ WKH LPSRUWDQFH RI WKH XVH RI 5(6 IRU HOHFWULFLW\ JHQHUDWLRQ WKXV UHGXFLQJ
HPLVVLRQV RI *+* DV ZHOO DV SUHVHUYLQJ QDWXUDO UHVRXUFHV RI WKH ULYHU V\VWHP ZKLFK KDYH QRW RQO\ HFRQRPLF
FRPPHUFLDODQGUHFUHDWLRQDOILVKHU\EXWDOVRELRORJLFDOUDUHSURWHFWHGVSHFLHVDQGVRFLDONHHSLQJWKHQDWXUHDVLW
LVIRUWKHQH[WJHQHUDWLRQVYDOXH
7KH'DXJDYD5LYHULVWKHODUJHVWULYHULQ/DWYLDDQGRULJLQDWHVIURPWKH9DOGDMDSODWHDX,WIORZVNPWKURXJK
5XVVLD%HODUXVDQGILQDOO\HPSWLHVLQWRWKH*XOIRI5LJDLQWKH%DOWLF6HD:LWKLQ/DWYLDWKH'DXJDYD5LYHUIORZV
NPEHIRUHUHDFKLQJWKH*XOI7KHULYHUEDVLQLVNPLQFOXGLQJDSSUR[LPDWHO\WULEXWDULHVLQ/DWYLD>@
7KHDQQXDOPHDQGLVFKDUJHLQ'DXJDYD5LYHULVPV±7KHWZRPDMRUWULEXWDULHVZLWKLQWKH/DWYLDQ
WHUULWRU\ DUH WKH5LYHU2JUHDQG$LYLHNVWH VLWXDWHGDERXW DQGNP IURP WKH ULYHUPRXWK UHVSHFWLYHO\ >@
'DXJDYDK\GURSRZHUSODQWV+33VEXLOWLQ±DQGRZQHGE\SRZHUVXSSO\FRPSDQ\/DWYHQHUJR$6DUH
/DWYLD¶VPRVWLPSRUWDQWUHQHZDEOHUHVRXUFHLQJHQHUDWLRQRIHOHFWULFLW\ZLWKDWRWDOLQVWDOOHGFDSDFLW\RI*:
7KH HOHFWULFLW\ JHQHUDWLRQ FDSDELOLW\ RI WKH 'DXJDYD +33V GHSHQGV RQ WKH 'DXJDYD 5LYHU GLVFKDUJH
7KHUHIRUH ZLWK WKH H[FHSWLRQ RI WKH VSULQJ IORRGLQJ VHDVRQ WKH 'DXJDYD +33V RSHUDWH RQ D FDVFDGLQJ
SULQFLSOH WR FRYHU SHDN ORDGV 7KLV DOORZV WKH DFFXPXODWLRQ RIZDWHU DQG JHQHUDWLRQ RI HOHFWULFLW\ GXULQJ
SHULRGVRILQFUHDVHGGHPDQGGD\WLPHSHDNKRXUV'XULQJWKHVSULQJIORRGLQJVHDVRQZKLFKODVWVIRURQHWR
WZRPRQWKVHDFK\HDUWKH'DXJDYD+33VRSHUDWHDWIXOOFDSDFLW\,WLVSRVVLEOHWRVDWLVI\WKHGHPDQGRIDOO
/DWYLDQ HOHFWULFLW\ FRQVXPHUV LQ WKLV SHULRG >@ 7KH +33V DOVR SHUIRUP WKH UROH RI WKH SRZHU V\VWHP¶V
HPHUJHQF\ UHVHUYHV ± WKH\ DUH DEOH WR TXLFNO\ VWDUW HOHFWULFLW\ JHQHUDWLRQ LQ WKH HYHQW RI HPHUJHQF\ WKXV
SUHYHQWLQJHOHFWULFDOQHWZRUNRYHUORDGDQGSURWHFWGLVFRQQHFWLRQRIFRQVXPHUVIURPSRZHUVXSSO\
3ODYLQDV+33ORFDWHGNPIURPWKH*XOIRI5LJDIRUPVWKHWKLUGVWDJHRIWKH'DXJDYD+33FDVFDGH3ODYLQDV
+33LVWKHODUJHVWK\GURSRZHUSODQWE\LQVWDOOHGFDSDFLW\LQWKH%DOWLFVDQGRQHRIWKHODUJHVWLQWKH(XURSHDQ8QLRQ
7KHSRZHUSODQWVWDUWHGRSHUDWLRQLQZLWKWHQ)UDQFLVW\SHK\GURSRZHUXQLWV7KHFXUUHQWFDSDFLW\RIWKHSODQW
LV0:PD[LPXPKHDGP
.HJXPV+33IRUPVWKHVHFRQGVWDJHRIWKHFDVFDGH/RFDWHGNPIURPWKH*XOIRI5LJDLWFRQVLVWVRIWZR
VHSDUDWHSRZHUSODQWVRQWKHOHIWDQGRQWKHULJKWEDQNVRIWKH'DXJDYD5LYHU.HJXPV+33LVWKHROGHVWRIWKH
'DXJDYD+33V±LWZDVFRQVWUXFWHGEHWZHHQDQG&XUUHQWO\WKHWRWDOFDSDFLW\RI.HJXPV+33LV
0:PD[LPXPKHDGP.DSODQW\SHK\GURSRZHUXQLWVDUHLQVWDOOHG
/RFDWHGNPIURPWKH*XOIRI5LJD5LJD+33IRUPVWKHORZHVWVWDJHRIWKH'DXJDYD+33FDVFDGH5LJD+33
ZDVFRPPLVVLRQHGLQ&XUUHQWFDSDFLW\RIWKHSODQWLV0:PD[LPXPKHDGP.DSODQW\SHXQLWVDUH
LQVWDOOHG>@
&KDQJHVLQWKH'DXJDYDLFKW\RIDXQDKDYHWDNHQSODFHDVDUHVXOWRIQDWXUDODVZHOODVDQWKURSRJHQLFIDFWRUV7KH
JUHDWHVWLPSDFWRQULYHULFKW\RIDXQDKDVEHHQREVHUYHGIURPWKHFRQVWUXFWLRQRIWKH+33FDVFDGHGHWHUPLQLQJDQ
XQSDVVDEOHREVWDFOHWRILVKPLJUDWLRQDQGDFKDQJHLQWRDOHQWLFV\VWHPZKLFKVXEVWDQWLDOO\DOWHUHGWKHGLVWULEXWLRQRI
VRPHVSHFLHVLQWKLVULYHUEDVLQ
%HIRUHWKHFRQVWUXFWLRQRI.HJXPV+33$WODQWLFVDOPRQVHDWURXWYLPEDEUHDPDQGRWKHUVSHFLHVPLJUDWHGDOO
RYHUWKH'DXJDYDDQGLWVWULEXWDULHVUHDFKLQJ%HODUXV>@$OWKRXJKWKH.HJXPV+33ZDVKLVWRULFDOO\HTXLSSHGZLWK
DILVKSDVVDJHIDFLOLW\ILVKPLJUDWLRQZDVVLJQLILFDQWO\OLPLWHG6WXGLHVVKRZHGWKDWDVPDOOIUDFWLRQRIILVKDWWKHGDP
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DWEHVW±PLJUDWHGXSWKHILVKSDVVDJH>@$IWHUWKH3ƺDYLƼDV+33ZDVEXLOWWKHILVKWKDWJRWRYHUWKH.HJXPV
+33ZHUHVHDUFKLQJIRUWKHVSDZQLQJVLWHVLQWKHUDSLGVQHDU-HNDESLOVRWKHUILVKZHUHVSDZQLQJGRZQVWUHDP3ODYLQDV
+33ZKHUHWKHLUVSDZQKDGORZHIILFLHQF\GXHWRWKHZDWHUOHYHOIOXFWXDWLRQV$IWHU5LJD+33ZDVEXLOWZLWKRXWDQ\
ILVKSDVVDJHIDFLOLWLHV.HJXPVILVKSDVVKDGORVWLWVLQLWLDOPHDQLQJ>@6LQFHWKH'DXJDYDKDVFRPSOHWHO\ORVW
LWVUROHLQQDWXUDOUHSURGXFWLRQRIPLJUDWRU\VSHFLHV>@
1RZDGD\VRYHUDOOILVKDQGODPSUH\VSHFLHVDUHDWWULEXWHGWRWKH'DXJDYDEDVLQLQFOXGLQJVSHFLHVWKDW
KDYHVHOIVXVWDLQLQJSRSXODWLRQVVRPHVSHFLHVHJVWXUJHRQKDYHEHFRPHH[WLQFWLQWKH'DXJDYDDQGLQDOORI/DWYLD
6DOPRQDQGVHDWURXWSRSXODWLRQVLQWKH'DXJDYDDUHPDLQWDLQHGDUWLILFLDOO\ZKLOHYLPEDDQGULYHUODPSUH\UHSURGXFH
QDWXUDOO\LQRWKHUULYHUV>@
7KHLPSDFWRI+33VLVDQQXDOO\FRPSHQVDWHGE\VWRFNLQJRIVDOPRQVHDWURXWWKRXVDQGVRIVPROWDQGIULHV
DQQXDOO\DQGRWKHUVSHFLHVYLPEDSLNHSLNHSHUFKULYHUODPSUH\ZKLWHILVKWKRXVDQGVRIIULHVDQGPLOOLRQV
RIODUYDHDQQXDOO\ZLWKWKHWRWDODQQXDOFRVWVPRUHWKDQPLOOLRQ(857KHVWRFNHGSRSXODWLRQVRIVDOPRQDQGVHD
WURXW VLJQLILFDQWO\ GLIIHU IURP WKH KLVWRULFDO ZLOG SRSXODWLRQV WKH DYHUDJH DJH RI WKH LQGLYLGXDOV GHFUHDVHG WKH
VWUXFWXUHRISRSXODWLRQFKDQJHGODWHUXQVSDZQHUVGRPLQDWHLQWKHFXUUHQWSRSXODWLRQ>@
7KH$WODQWLFVDOPRQLVFXUUHQWO\UHGOLVWHGE\WKH,8&1RUJDQL]DWLRQDQGLVFODVVLILHGDV³OHDVWFRQFHUQ´ZKLFK
PHDQVWKHUHLVDORZULVNIRUH[WLQFWLRQRIWKHVSHFLHV7KH%DOWLFVWRFNVRI$WODQWLFVDOPRQDUHJHQHWLFDOO\XQLTXH>@
KDYLQJEHHQLVRODWHGIURP1RUWK$WODQWLFVWRFNVIRUDERXWWZRWKRXVDQG\HDUV>@$OWKRXJKRQFHFRQVLGHUHGDPRQJ
WKHZRUOG¶VPRVWSURGXFWLYHVDOPRQUHJLRQVZLWKKLJKRFHDQVXUYLYDOWKHYDVWPDMRULW\RI%DOWLFVWRFNVKDYHVHHQ
GUDVWLFGHFOLQHVLQSURGXFWLRQLQSDUWGXHWRK\GURSRZHUGHYHORSPHQW)XUWKHUPRUHLQ>@FRQFHUQVDUHH[SUHVVHG
WKDWWKHJHQHWLFGLYHUVLW\RI%DOWLFVDOPRQLVEHLQJQHJDWLYHO\DIIHFWHGE\FRPSHQVDWRU\UHOHDVHVRIKDWFKHU\ILVK>@
,Q(XURSHDQ&RPPLVVLRQSXEOLVKHGWKHSURSRVDOIRUUHJXODWLRQHVWDEOLVKLQJDPXOWLDQQXDOSODQIRUWKH%DOWLF
VDOPRQVWRFN2QHRIWKHSURSRVHGDPHQGPHQWVVWDWHVWKDWVWRFNLQJRIVDOPRQPD\RQO\EHFRQGXFWHGLQZLOGVDOPRQ
ULYHUVZKHQWKLVLVUHTXLUHGWRSUHYHQWH[WHUPLQDWLRQRIWKHORFDOVWRFN>@6LQFHWKH'DXJDYD5LYHULVUHJXODWHGE\
+33VZKLFKDUHDQREVWDFOHIRUPLJUDWLRQVRI%DOWLFVDOPRQLWFDQQRWEHFRQVLGHUHGDVDZLOGVDOPRQULYHUWKHUHIRUH
DFFRUGLQJWRGUDIWUHJXODWLRQFRPSHQVDWRU\UHOHDVHVVKRXOGEHLQWHUUXSWHGZLWKLQ±\HDUVDIWHUUHJXODWLRQFRPLQJ
LQWRWKHIRUFH'XHWRWKHVHSRVVLEOHFKDQJHVLQOHJDODFWVH[LVWLQJPRGHORI+33LPSDFWFRPSHQVDWLRQZLOOKDYHWREH
UHYLVHG 7KH DLP RI WKLV SDSHU LV WR LQWURGXFH SRVVLEOH IXUWKHU VWHSV DQG VWUDWHJLHV RIPLWLJDWLQJ+33 LPSDFW E\
IDFLOLWDWLQJQDWXUDOUHSURGXFWLRQRIGLDGURPRXVVSHFLHV
0HWKRGV
7KHFDVHVWXG\ZDVSHUIRUPHGWRDQDO\]HWKH'DXJDYD5LYHUV\VWHPDQGGHYHORSIXUWKHUVWUDWHJLHVIRULPSURYLQJ
WKHULYHUFRQQHFWLYLW\7KHVWXG\LVEDVHGRQDQDO\VLVRIHFRORJLFDODQGWHFKQLFDODVSHFWVRISRVVLEOHUHRSHQLQJWKH
'DXJDYD5LYHUIRUPLJUDWRU\VSHFLHVJURXQGHGE\DYDLODEOHKLVWRULFDOGDWD+33WHFKQLFDODQGRSHUDWLRQDOGDWD
UHYLHZRIILVKSDVVDJHWHFKQLFDOVROXWLRQVDQGUHFHQWVWXGLHVDLPHGWRH[SORUHWKHSUHVHQWFRQGLWLRQRIWKH'DXJDYD
5LYHUHFRV\VWHP,Q/DWYHQHUJR$6LQLWLDWHGWKHVWXG\³)LVKPLJUDWLRQDQGQDWXUDOUHSURGXFWLRQUHVWRUDWLRQ
LQWKH'DXJDYD5LYHU´7KLVVWXG\GLYLGHGLQVHYHUDOVWDJHVZDVSODQQHGDQGRUJDQL]HGE\WKHDXWKRUV7KHSODQQLQJ
RIWKHVWXG\ZDVSHUIRUPHGE\SULRULWL]LQJWKHVXEMHFWVRIUHVHDUFKDQGGHILQLQJWKHPHWKRGVDQGGDWDQHFHVVDU\IRU
LQLWLDOHYDOXDWLRQDQGSODQQLQJIXUWKHUVWHSVRIGHFLVLRQPDNLQJSURFHVVUHYLHZRIWKHOLWHUDWXUHDQDO\VLVRIORQJ
WHUPGDWDUHFRUGVRQVLWHREVHUYDWLRQVILHOGZRUNV$WWKHVWVWDJHRIWKHVWXG\WKHUHYLHZRIKLVWRULFDOGDWDDQG
KDELWDW VXUYH\ZDVSHUIRUPHG>@3RVVLEOH ILVKSDVVDJH WHFKQLFDO VROXWLRQVDQGRWKHUILVKPLJUDWLRQ UHVWRUDWLRQ
RSWLRQVZHUHDQDO\]HGDVZHOOLQ>@7KHQGVWDJHRIWKHVWXG\±LQFOXGHG$WODQWLFVDOPRQWHOHPHWU\
VWXG\LQWKH'DXJDYD5LYHUDQGLWVWULEXWDU\WKH2JUH5LYHU>@
 
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2.1. Review of historical data and habitat survey 
7KLVVWXG\ZDVWKHILUVWVWHSLQLQYHVWLJDWLQJILVKPLJUDWLRQDQGQDWXUDOUHSURGXFWLRQUHVWRUDWLRQLQWKH'DXJDYD
5LYHU,WZDVSHUIRUPHGE\,QVWLWXWHRI)RRG6DIHW\$QLPDO+HDOWKDQG(QYLURQPHQW³%,25´DQG WKHUHVXOWVDUH
UHSRUWHGLQ>@7KHILUVWUHSRUWRIWKLVVWXG\LVGHGLFDWHGWRUHYLHZRIDYDLODEOHKLVWRULFDOGDWDUHIOHFWLQJWKH'DXJDYD
5LYHUV\VWHPEHIRUHDQWKURSRJHQLFPRGLILFDWLRQVFDXVHGE\FRQVWUXFWLRQRIK\GURSRZHUSODQWV,WDOVRVXPPDUL]HV
DYDLODEOHOLWHUDWXUHRQVFLHQWLILFUHVHDUFKSHUIRUPHGGXULQJDQGDIWHUFRQVWUXFWLRQRIWKHSODQWVDLPLQJWRUHGXFHRU
FRPSHQVDWHWKHLPSDFWRIWKHGDPVRQILVKUHVRXUFHV$WWKHVDPHWLPHWKHUHSRUWLQFOXGHVUHFHQWGDWDJDLQHGIURP
ILVKSRSXODWLRQPRQLWRULQJDQGILVKHU\UHSRUWLQJ7KHVHFRQGUHSRUWUHIOHFWHGWKHUHVXOWVRIVSDZQLQJKDELWDWPDSSLQJ
ZKLFKFRYHUHGWKH'DXJDYDDQGLWVWULEXWDULHVGRZQVWUHDPDQGXSVWUHDP5LJD+33
2.2. Possible fish passage technical solutions and other fish migration restoration options 
)ROORZLQJ %,25 VWXG\ WKH DQDO\VLV RI WHFKQLFDOO\ IHDVLEOH VROXWLRQV IRU UHVWRULQJ ILVK PLJUDWLRQ DQG QDWXUDO
UHSURGXFWLRQZDVSHUIRUPHGE\H[SHUWJURXSIURP3ROLWHFQLFRGL7RULQR,WDO\DQG.DUOVWDG8QLYHUVLW\6ZHGHQLQ
FRRSHUDWLRQ ZLWK /DWYHQHUJR $6 VSHFLDOLVWV 7KH IROORZLQJ RSWLRQV DQG VROXWLRQV ZHUH HYDOXDWHG ILVK SDVV
FRQVWUXFWLRQWUDSDQGWUDQVSRUWRSWLRQDUWLILFLDOVSDZQLQJJURXQGVRSWLRQGRZQVWUHDPSDVVDJHVROXWLRQV
2.2. Telemetry study in the Ogre River 
7KHVWXG\ZDVSHUIRUPHGLQFRRSHUDWLRQZLWK.DUOVWDG8QLYHUVLW\6ZHGHQ3ROLWHFQLFRGL7RULQRDQG)OXPHVUO
,WDO\DQGWKH,QVWLWXWHIRU(QYLURQPHQWDO6ROXWLRQV/DWYLD7KHVWXG\ZDVDLPHGDWWHVWLQJLIVDOPRQWUDSSHGDWWKH
PRXWKRIWKH'DXJDYDZLOOPLJUDWHXSVWUHDPLIUHOHDVHGLQWKH2JUHDQGSRVVLEO\UHFRJQL]HDWUDSDQGWUDQVSRUWDSSURDFK
DVDVXLWDEOHVWUDWHJ\IRUUHLQWURGXFLQJZLOGVSDZQLQJ$WODQWLFVDOPRQWRWKH'DXJDYD5LYHUV\VWHP7RHYDOXDWHWKH
WUDSDQGWUDQVSRUWDSSURDFKDGXOW VDOPRQUHWXUQLQJ WR WKHPRXWKRI WKH'DXJDYDZHUH UDGLRWDJJHGDQG WUDQVSRUWHG
XSVWUHDPWRWKH2JUH5LYHUDQGWKHLUPLJUDWLRQEHKDYLRUZDVPRQLWRUHG7KHVWXG\GHVLJQFRPSULVHGRIWDJJLQJDQG
UHOHDVLQJWKUHHJURXSVRIULSH$WODQWLFVDOPRQZKLFKDUHWUDQVSRUWHGXSVWUHDP5LJD+337ZRJURXSVZHUHUHOHDVHGLQ
WKHWULEXWDU\2JUH5LYHUXSVWUHDPWKHORZHUPRVW+33DQGWKHWKLUGJURXSZDVUHOHDVHGLQWKH5LJD+33UHVHUYRLULQWKH
'DXJDYD5LYHU7KHSXUSRVHRIWKHWKLUGJURXSZDVWRVHHLIILVKWHQGHGWRPRYHXSVWUHDPDQGDOVRLIILVKZDVDEOHWR
ILQG WKHPRXWKRI WKH2JUH5LYHU7KHREMHFWLYHVZHUH WRGHWHUPLQH LI WKH ILVKZRXOGPLJUDWHXSVWUHDP WR VXLWDEOH
VSDZQLQJDUHDVDORQJ2JUH5LYHULIXSVWUHDPPLJUDWLRQGRHVQRWRFFXUZLOOGRZQVWUHDPSDVVDJHWKURXJKERWK2JUH
+33DQG5LJD+33EHVXFFHVVIXODQGKRZUHOHDVHGVDOPRQEHKDYHLQWKH'DXJDYD5LYHU>@
5HVXOWV
+LVWRULFDOGDWDLQGLFDWHWKDWWKH'DXJDYDORVWLWVVLJQLILFDQFHLQUHSURGXFLQJVDOPRQVHDWURXWDQGULYHUODPSUH\
VWRFNVIROORZLQJFRQVWUXFWLRQRIWKH+33FDVFDGH7KHPDLQUHDVRQQRWHGLVWKHORVVRIVSDZQLQJDQGUHDULQJKDELWDWV
+DELWDWV VXLWDEOH IRU GLDGURPRXV VSHFLHV KDYH UHPDLQHG LQ VPDOOHU DPRXQWV LQ WKH 2JUH 5LYHU DQG IHZ VPDOOHU
WULEXWDULHVIORZLQJLQWRWKH5LJD+33ZDWHUUHVHUYRLU+RZHYHUWKHLUELRORJLFDOSRWHQWLDOLVHVWLPDWHGDVEHLQJPXFK
ORZHUFRPSDUHGWRWKH'DXJDYD¶VSRWHQWLDOIROORZLQJFRQVWUXFWLRQRIWKH+33FDVFDGH7KUHHVPDOO+33VKDYHEHHQ
EXLOWDFURVVWKH2JUH5LYHUVLQFHWKHVDWDQGNPIURPWKHPRXWKRIWKH2JUH5LYHU>@7KHDUHDRI
KDELWDWV VXLWDEOH IRU PLJUDWRU\ ILVK ZDV LQYHVWLJDWHG DORQJ D  NP VHFWLRQ RI WKH ULYHU EHWZHHQ WKH ILUVW WZR
K\GURSRZHUSODQWVVLWHVVXLWDEOHIRUVDOPRQVHDWURXWDQGULYHUODPSUH\IRUDWRWDOVXUIDFHRIKDKDYHEHHQ
PDSSHG$FFRUGLQJWR>@VRPHRIWKHXSVWUHDPVHFWLRQVRIWKH2JUH5LYHUDOVRFRUUHVSRQGWRWKHHFRORJLFDOQHHGVRI
VDOPRQLGVLQWHUPVRILWVK\GURORJLFDODQGPRUSKRORJLFDOFKDUDFWHULVWLFV+DELWDWVVXUYH\DQGPDSSLQJLQWKH'DXJDYD
DQGLWVWULEXWDULHVXSVWUHDP.HJXPVDQG3ODYLQDV+33KDYHQRWEHHQSHUIRUPHG
7KH'DXJDYDUHDFKRQWKHRWKHUKDQGWKXVVLJQLILFDQWO\DOWHUHGE\WKHUHVHUYRLUOHQWLFKDELWDWFDQEHH[SORLWHG
E\RWKHUVSHFLHVHJYLPEDHHOVWKLVHOHPHQWVKRXOGQHHGIXUWKHULQYHVWLJDWLRQHVSHFLDOO\ZLWKUHJDUGVWRHHOV$
SRWHQWLDOOLPLWLQJIDFWRUIRUHHOVDVUHSRUWHGLQ>@FRXOGEHWKHZDWHUOHYHOIOXFWXDWLRQVLQWKHUHVHUYRLUZKLFKFRXOG
DIIHFWWKHH[SORLWDWLRQRIWKHVKRUHOLQHE\WKLVVSHFLHV>@
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$QDQDO\VLVRIGDWD DYDLODEOH IRU WKHV VKRZHG WKDW ILVKSDVVDJH DFURVV WKH5LJD+33ZRXOGQRWKDYH DQ
HFRQRPLFHIIHFW7KHLGHDRIPDLQWDLQLQJVPDOOEXWQDWXUDOSRSXODWLRQVRIYLPEDLQWKH2JUH5LYHURIWKH'DXJDYD
EDVLQZDV QHYHU LPSOHPHQWHG WKRXJK H[SHULPHQWDO VWXGLHVZHUHSHUIRUPHG6WRFNLQJRI WKHPRVW HFRQRPLFDOO\
LPSRUWDQW VSHFLHV KDG D FRQVLGHUDEOH HIIHFW SDUWLFXODUO\ IRU VDOPRQ >@ DQG UHPDLQHG DV WKHPDLQ LQVWUXPHQW WR
PLWLJDWHWKHLPSDFWRI+33FDVFDGH
$ERYHPHQWLRQHG(8UHJXODWLRQSURSRVDO>@DQGUHFHQWVWXGLHVUHSUHVHQWGLIIHUHQWDSSURDFKHYDOXDWLRQRI WKH
LPSDFWVRQILVKUHVRXUFHVGRQRWOLPLWWRHFRQRPLFHIIHFWVZKLFKFRXOGEHDFKLHYHGWKURXJKFRPSHQVDWRU\UHOHDVHV
EXW WDNH LQWRDFFRXQW WKHDVSHFWRIELRGLYHUVLW\ZKLFKPHDQVGHYHORSLQJVROXWLRQV IRUQDWXUDO UHSURGXFWLRQRI WKH
VSHFLHV7KHUHIRUHDQDO\VLVRISRVVLEOHILVKSDVVDJHVROXWLRQVDWWKHILUVWREVWDFOHVRQWKHZD\IURPWKH%DOWLF6HDWR
WKH'DXJDYDDQGLWVWULEXWDULHVZDVSHUIRUPHGXVLQJWKHGDWDDQGFRQFOXVLRQVUHSRUWHGLQ>@
7KHFRQVWUXFWLRQRID ILVKSDVVVKDOO WDNH LQWRDFFRXQW WKHQHHGVDQGVZLPPLQJDELOLWLHVRIDOO WKHSUHVHQWDQG
SRWHQWLDOO\SUHVHQWPLJUDWRU\VSHFLHVDQGJXDUDQWHHIRUDOORIWKHPVXVWDLQDEOHK\GURG\QDPLFFRQGLWLRQVDORQJWKH
PLJUDWRU\ SHULRGV DQG LQ JHQHUDO WKURXJKRXW DOO WKH \HDU &RPSDUHG WR RWKHU RSWLRQV WKLV FDQ EH WKHRUHWLFDOO\
FRQVLGHUHGRSWLPDO VLQFH LWZRXOG FRQWLQXRXVO\SURYLGH D IORZ UHOHDVH DQG IUHHPRYHPHQW WKURXJK WKH GDPDQG
ZLWKRXWWKHQHHGIRURSHUDWLQJPHFKDQLFDOHTXLSPHQWRUXVLQJSHUVRQQHOHJUHTXLUHGIRUWUDSDQGWUDQVSRUWRSWLRQ
7KHFRQVWUXFWLRQRIDILVKSDVVDW5LJDGDPZRXOGDOORZWKHUHRSHQLQJRIWKHILVKPLJUDWRU\URXWHVDORQJDVWUHWFK
RINPDORQJWKH'DXJDYDULYHUXSWR.HJXPVGDPDQGWKHDFFHVVWRWKHDYDLODEOHUHDFKHVLHQRWEORFNHGE\
REVWDFOHVDORQJWKHUHODWHGWULEXWDULHV>@
7KHVWXG\FRQFOXGHGWKDWIRU5LJD+33FRQVWUXFWLRQRIILVKSDVVLVWHFKQLFDOO\IHDVLEOHEXWFRPSOH[UHODWHGZLWK
KLJKFRVWVDQGUHTXLUHVIXUWKHUGHWDLOHGVWXGLHV7DNLQJLQWRDFFRXQWH[LVWLQJLQIUDVWUXFWXUHUHODWLYHO\KLJKZDWHUOHYHO
IOXFWXDWLRQVGRZQVWUHDPDQGXSVWUHDP5LJD+33DQRSWLPDOW\SHRIILVKSDVVLVQDWXUHOLNHE\SDVVFKDQQHOLQWKH
FHQWUDOSDUWRI WKH ILVKSDVV LQFOXGLQJ VXLWDEOHKDELWDWV DQGVSDZQLQJJURXQGV FRPELQHGZLWKD³WHFKQLFDO´SDUW
VLQJOHRUGRXEOHYHUWLFDOVORWDWXSVWUHDPDQGGRZQVWUHDPHQGV,QDQ\FDVHWKHGRZQVWUHDPSDUWRIWKHILVKSDVV
ZRXOGEHUHTXLUHGHYHQWRSURYLGHDWWUDFWLRQWRWKHHQWUDQFHWRDOWHUQDWLYHIDFLOLWLHVILVKOLIWRUFROOHFWLRQFKDPEHUIRU
WUDSDQGWUDQVSRUWRUDUWLILFLDOVSDZQLQJJURXQGVGXHWRWKHVLJQLILFDQWZDWHUOHYHOIOXFWXDWLRQVDWWKH+33WDLOUDFH
7KHFKRLFHRIWKHRSWLPDOVROXWLRQQHHGVWREHEDVHGRQDPRUHGHWDLOHGNQRZOHGJHRIWKHLQYROYHGILVKVSHFLHV
DQGVKRXOGILQGDQDSSURSULDWHEDODQFHDPRQJWKHQHHGVIRUSURYLGLQJIUHHSDVVDJHWRDOOVSHFLHVJXDUDQWHHLQJRSWLPDO
K\GURG\QDPLFFRQGLWLRQVDQGSURSHUDWWUDFWLYLW\DQGNHHSLQJFRQVWUXFWLRQFRVWVWRDQDFFHSWDEOHOHYHOFRQVLGHULQJ
WKDWWKHILVKSDVVOHQJWKFRXOGYDU\GHSHQGLQJRQWKHGHVLJQFKRLFHVIURPWRP>@
)LVKSDVVDWWUDFWLRQIORZWREHSURYLGHGLQWKHGLIIHUHQWSHULRGVRIILVKPLJUDWLRQLVVKRZQLQ7DE
7DEOH5LJD+33ILVKSDVVDWWUDFWLRQIORZVLQWKHGLIIHUHQWSHULRGVRIWKH\HDU
3HULRG
0HDQGLVFKDUJHVPV

)LVKSDVVDWWUDFWLRQIORZPV
6HSWHPEHU1RYHPEHUVDOPRQVHDWURXWYLPEDDQGULYHU
ODPSUH\
 ±
$SULOYLPEDDQGULYHUODPSUH\  ±
-XO\$XJXVW\HOORZHHO  ±

3RVVLEOHDOWHUQDWLYHRIDILVKSDVVDW5LJD+33LVDFRQVWUXFWLRQRIDUWLILFLDOVSDZQLQJJURXQGVIRUVDOPRQ	VHD
WURXW QRSDVVDJH GRZQVWUHDP5LJD+33 LWZRXOG DYRLGPRVW GRZQVWUHDPPLJUDWLRQ LVVXHV DQG FDQEHXVHG DV
WUDSSLQJVLWHIRUWUDSDQGWUDQVSRUWRSWLRQEXWVKRXOGIDFHVLPLODUWHFKQLFDOLVVXHVDVIRUWKHILVKSDVV
)URPDSUHOLPLQDU\DQDO\VLVRIWKHH[LVWLQJILVKSDVVDJHIDFLOLW\DW.HJXPV+33WKHOLPLWHGHIILFLHQF\VKRXOGEH
FDXVHGE\SRRUDWWUDFWLRQGXHWRORZGLVFKDUJHDQGWRWKHLQIOXHQFHRIWDLOUDFHZDWHUOHYHOVIOXFWXDWLRQV'XULQJKLJK
IORZVWKHWRWDOGURSUHGXFWLRQGXHWRLQFUHDVHGGRZQVWUHDPZDWHUOHYHOVUHGXFHVWKHIORZSDVVLQJWKURXJKWKHILVK
SDVVRULILFHVIXUWKHULQFUHDVLQJWKHGLIILFXOW\IRUILVKWRORFDWHWKHHQWUDQFHVWRWKHSDVVDJH
7KHHYDOXDWLRQRIWKHWHFKQLFDOHFRORJLFDODQGHFRQRPLFIHDVLELOLW\RIWKHUHKDELOLWDWLRQRI.HJXPV+33ILVKSDVV
LQFOXGLQJUHFRQVWUXFWLRQRIH[LVWLQJFRQVWUXFWLQJQHZWKHILVKSDVVVKDOOEHFRQVLGHUHGLQDODWHUVWDJHDIWHUKDYLQJ
HYDOXDWHGWKHIHDVLELOLW\RIWKHILVKSDVVDW5LJDGDP7KHQH[WREVWDFOH3ODYLQDVGDPUHSUHVHQWVDIXUWKHUWHFKQLFDO
FKDOOHQJHIRUEXLOGLQJDILVKSDVVZLWKLWVKLJKKHDGDQGUHOHYDQWZDWHUOHYHOVIOXFWXDWLRQV
86   Alona Bolonina et al. /  Energy Procedia  95 ( 2016 )  81 – 88 
7KH WXUELQHPRUWDOLW\ ZDV HYDOXDWHG XVLQJ D VSHFLILFPRGHO DQG KLJKOLJKWHG D ORZ WR LQWHUPHGLDWH LPSDFW RQ
GRZQVWUHDPPLJUDQWVVLOYHUHHOZDVXVHGDVUHIHUHQFHVSHFLHVDW5LJDDQG.HJXPV+33%HIRUHEDVLQJDQ\ORQJ
WHUPPDQDJHPHQW VWUDWHJLHV RQ WKLV SUHGLFWHGPRGHUDWH WXUELQHLQGXFHGPRUWDOLW\ D VWXG\ YDOLGDWLQJ WKH WXUELQH
LQGXFHGPRUWDOLW\VKRXOGEHFRQGXFWHGIRUWKHVSHFLHVDQGOLIHVWDJHVFRQVLGHUHGDVPRVWUHOHYDQW>@
7HOHPHWU\VWXG\UHSRUWHGLQ>@ZDVWKHQH[WVWHSRIWKHVWXG\DLPLQJWRJDLQHYLGHQFHRIWKHRUHWLFDO2JUHULYHU
FRPSOLDQFHZLWKHFRORJLFDOFULWHULDRIGLDGURPRXVVSHFLHVVSDZQLQJDQGUHDULQJKDELWDWVKLJKOLJKWLQJSUREOHPVWREH
VROYHGDQGGHILQLQJUHLQWURGXFWLRQVWUDWHJ\'XULQJWKHVWXG\DVLJQLILFDQWIORRGRFFXUUHGRQO\VXUSDVVHGE\WKH¶V
IORRGHYHQWLQ2FWREHUZDWHUGLVFKDUJHLQWKH2JUH5LYHUZKRVHPHDQDQQXDOGLVFKDUJHLVPVUHDFKHG
PVZLWKDKLJKHUH[WHQWWKDQWKHFRPPRQVSULQJIORRGV$OOWKHUDGLRWDJJHGILVKUHOHDVHGLQWKH2JUHDEDQGRQHG
WKHVWXG\VLWHZKLOHDERXWPDQDJHGWRPRYHGRZQVWUHDP5LJD+33DQGDERXWPRYLQJXSVWUHDPDORQJ
'DXJDYDDSSURDFKLQJWKHXQSDVVDEOH.HJXPVGDP7KHVWXG\VKDOOEHUHSHDWHGLQRUGHUWRREWDLQWKHUHVXOWDWPRUH
W\SLFDOK\GURORJLFDOFRQGLWLRQV
'LVFXVVLRQ
$QDO\VLVRIWKH'DXJDYD5LYHUUHRSHQLQJVWXGLHVSHUIRUPHGLQWKHSHULRGIURPWRDQGGHVFULEHGDERYH
OHDGVWRWKHIROORZLQJFRQFOXGLQJVWDWHPHQWV

x 7KHFRQVWUXFWLRQRIWKHILVKSDVVDW5LJDGDPDVDVWDQGDORQHPHDVXUHZRXOG³RQO\´UHRSHQWKHPDLQVWUHWFK
RI'DXJDYDXSWR.HJXPVGDPZKHUHDYDLODEOHOHQWLFKDELWDWVDUHQRWRSWLPDOIRUVDOPRQDQGWKHDFFHVVLEOH
SRUWLRQVRIWKHPDLQWULEXWDULHV7KHUHIRUHLGHQWLILFDWLRQRIVXLWDEOHVSDZQLQJJURXQGVDQGRSWLPDODYDLODEOH
KDELWDWVIRUWKHNH\WDUJHWVSHFLHVXSVWUHDP.HJXPVDQG3ODYLQDV+33LVQHFHVVDU\,QDQ\FDVHWKHILVKSDVV
LWVHOI FDQ EH H[SORLWHG DV VSDZQLQJ JURXQG DQG ZRXOG UHRSHQ FRQWLQXRXV DFFHVV WR WKH PRUH VLJQLILFDQW
WULEXWDU\RIWKHORZHUSDUWRI'DXJDYDULYHU2JUH
x 3RVVLEOHHIIHFWLYHILVKSDVVDJHVROXWLRQDW5LJD+33LVWHFKQLFDOO\IHDVLEOHEXWFRPSOH[DQGZRXOGUHVXOWLQ
VLJQLILFDQWLQYHVWPHQWV
x :LWKUHIHUHQFHWR2JUHLWPXVWEHRXWOLQHGWKDWWKHPRVWVLJQLILFDQWDUHDVVXLWDEOHIRUVSDZQLQJDUHVWLOOEORFNHG
E\WKH2JUH+(3ORZHUPRVWREVWDFOH$WWKDWREVWDFOHDVPDOOILVKSDVVPXVWEHSURYLGHGLQRUGHUWRDOORZ
DFFHVVWRVXLWDEOHVLWHVWRJHWKHUZLWKDQDSSURSULDWHVROXWLRQWRDOORZGRZQVWUHDPPLJUDWLRQHJ>@
x 6LQFHWKHSURYLVLRQIRUUHVWRULQJWKHORQJLWXGLQDOFRQWLQXLW\E\FRQVWUXFWLQJILVKSDVVDWWKHWKUHHGDPVZLOO
QHHG IXUWKHU GHWDLOHG VWXGLHV WKH WUDS	WUDQVSRUW RSWLRQ WUDSSLQJ WKH VSDZQHUV WR WUDQVSRUW WKHP WR WKH
VSDZQLQJVLWHVXSVWUHDPWKHREVWDFOHUHSUHVHQWVWKHUHFRPPHQGHGVKRUWPLGWHUPVWUDWHJ\

$VVHVVPHQWRIWKHGDWDREWDLQHGLQSUHYLRXVVWXGLHVKLJKOLJKWHGDQXPEHURIQHFHVVDU\VWXGLHVVXFKDVLQYHVWLJDWLRQ
RIWDUJHWVSHFLHVDQGIDFWRUVLPSDFWLQJWKHLUUHSURGXFWLRQHIIHFWLYHQHVVKDELWDWPDSSLQJK\GURG\QDPLFPRGHOOLQJRI
+33GLVFKDUJHGIORZDWYDU\LQJZDWHUOHYHOVDQGRSHUDWLRQUHJLPHVDQDO\VLVRIILVKEHKDYLRUXVLQJYDULRXVPHWKRGV
LQFOXGLQJWHOHPHWU\VWXGLHVSK\VLFDOQXPHULFDOPRGHOOLQJRIDSRWHQWLDOILVKSDVVPRGHOOLQJDQGWHVWLQJILVKPRUWDOLW\
LQWXUELQHVHWF7KHVHVWXGLHVVKRXOGEHSULRULWL]HGLQDFFRUGDQFHZLWKVKRUWWHUPPHGLXPWHUPDQGORQJWHUPDFWLRQ
SODQQLQJ
4.1. Short-term and mid-term actions 
6KRUWWHUPDFWLRQV±\HDUVVKRXOGIRFXVRQLQYHVWLJDWLQJWKHFULWLFDOLVVXHVIRUYDOLGDWLQJLQLWLDOIHDVLELOLW\
RIIXUWKHUDFWLRQVVXFKDVDYDLODELOLW\DQGHIIHFWLYHQHVVRIVSDZQLQJDQGUHDULQJKDELWDWVWHFKQLFDORSWLRQVDQGWKHLU
FRPSOH[LW\DVZHOODVKHOSLQJWRHVWDEOLVKGLUHFWLRQVRIWKHPRVWDSSURSULDWHIXUWKHUVWXGLHV0LGWHUPDFWLRQV±
\HDUVVKRXOGLQFOXGHLPSOHPHQWDWLRQDQGRUWHVWLQJRIWKHSULRUDFWLYLWLHVUHVXOWLQJIURPWKHVKRUWWHUPDFWLYLWLHVDV
ZHOODVH[WHQGHGLQYHVWLJDWLRQVRIUHOHYDQWLVVXHVDQGGHYHORSLQJEDVLQVFDOHVWUDWHJ\RIUHLQWURGXFLQJGLDGURPRXV
VSHFLHVLQWKHPRVWDSSURSULDWHVHFWLRQVRIWKH'DXJDYD5LYHUV\VWHP)RUWKH'DXJDYD5LYHUVKRUWDQGPLGWHUP
SODQQLQJIXUWKHUVWHSVVKRXOGIRFXVRQLPSOHPHQWDWLRQRIWUDSDQGWUDQVSRUWRSWLRQIRUDOUHDG\PDSSHGVSDZQLQJ
VLWHVLQWKH2JUH,QOLQHZLWKWKLVH[WHQVLRQRIVWXGLHVWRRWKHUSRVVLEOHVLWHVXSVWUHDPSDUWRIWKH2JUH.HJXPV
+333ODYLQDV+33LVQHFHVVDU\
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4.2. Long-term actions 
7KHORQJWHUPDFWLRQVVKRXOGLQFOXGHLPSOHPHQWDWLRQRIWKHVWUDWHJ\GHYHORSHGRQWKHEDVLVRIVKRUWWHUPDQGPLG
WHUPDFWLYLWLHV7KHORQJWHUPWDUJHWLVWRLPSURYHORQJLWXGLQDOFRQQHFWLYLW\RIWKH'DXJDYD5LYHUE\UHRSHQLQJDFFHVV
IRUPLJUDWRU\VSHFLHVWRWKHPRVWELRORJLFDOO\DSSURSULDWHVLJQLILFDQWDQGHIIHFWLYHVSDZQLQJJURXQGVLQWKH'DXJDYD
DQGLWVWULEXWDULHV7KHSURYLVLRQIRUDILVKSDVVDW5LJD+33VKDOOEHFRQVLGHUHGRQO\DVWKHILUVWRIWKUHHPDLQVWHSV
RID ORQJWHUPVWUDWHJ\DLPHGDW UHVWRULQJ WKH ORQJLWXGLQDOFRQWLQXLW\IRUXSVWUHDPPLJUDWLRQ WKURXJKRXW WKH WKUHH
GDPVV\VWHP>@$OWHUQDWLYHO\WUDSDQGWUDQVSRUWRSWLRQZLOOKDYHWREHSXUVXHGDQGLQDQ\FDVHWKHGRZQVWUHDP
PLJUDWLRQLVVXHVZLOOKDYHWREHDGHTXDWHO\DGGUHVVHGDWHYHU\REVWDFOH
7KHZD\VDQGPHDQVRIUHDFKLQJWKLVWDUJHWVKRXOGEHHYDOXDWHGZLWKUHVSHFWRIDYDLODEOHHYLGHQFHRIHFRORJLFDO
WHFKQLFDODQGHFRQRPLFIHDVLELOLW\7KHUHIRUHDWDQ\VWDJHRIDSODQQLQJSURFHVVLWLVLPSRUWDQWWRDSSO\ZLGHUVFDOH
YLHZSXWWLQJWRJHWKHUDOOWKHHOHPHQWVRIWKHV\VWHP$QXPEHURIDVSHFWVVKRXOGEHFRQVLGHUHGWKURXJKRXWGHFLVLRQ
PDNLQJSURFHVV
&RQFOXVLRQ
'DXJDYD+33VSOD\DQLPSRUWDQWUROHLQWKHXVHRIUHQHZDEOHHQHUJ\VRXUFHVDQGDFKLHYLQJ(8DQG
FOLPDWHDQGHQHUJ\WDUJHWV$WWKHVDPHWLPHWKH+33VDUHDQREVWDFOHIRUGLDGURPRXVVSHFLHVWKHORVVRIWKHVHVSHFLHV
LVFRPSHQVDWHGE\DQQXDOILVKVWRFNLQJ7KHUHFHQWVWXGLHVLQLWLDWHGE\/DWYHQHUJR$6ZHUHWKHILUVWVWHSWRLQYHVWLJDWH
WKH'DXJDYD5LYHUUHRSHQLQJRSWLRQV7KHPHQWLRQHGVWXG\LVLQOLQHZLWKSURVSHFWLYH(XURSHDQUHJXODWLRQZKLFK
FRXOGSRWHQWLDOO\OLPLWWKHVWRFNLQJRIWKH%DOWLFVDOPRQZKLFKLVRQHRIWKHYDOXDEOHVSHFLHVERWKIURPHFRORJLFDO
DQGHFRQRPLFDOSRLQWRIYLHZ7KHVWXGLHVFRQFOXGHGWKDWWKRXJKWKH'DXJDYD5LYHUDQGLWVWULEXWDULHVPHWVLJQLILFDQW
DQWKURSRJHQLFPRGLILFDWLRQVVRPHDUHDVRIWKHKDELWDWVDSSURSULDWHIRUGLDGURPRXVVSHFLHVVWLOOH[LVW7KHPHQWLRQHG
DUHDV KDYH EHHQ LQYHVWLJDWHG LQ WKH ULYHU VHFWLRQ GRZQVWUHDP DQG EHWZHHQ WZR ODUJHVFDOH REVWDFOHV ± 5LJD DQG
.HJXPV+33FRYHULQJVPDOOSDUWRIWKH'DXJDYD5LYHUSRWHQWLDO7KUHHODUJHVFDOHK\GURSRZHUSODQWVLVDVLJQLILFDQW
REVWDFOHIRUGLDGURPRXVVSHFLHVDQGSRVVLEOHILVKSDVVDJHVROXWLRQVDUHFRPSOH[DQGH[SHQVLYH7KHUHIRUHVROYLQJWKH
SUREOHPRIPLWLJDWLRQRI+33LPSDFWRQILVKUHVRXUFHVDQGNHHSLQJWKHK\GURSRZHUDVRQHRIWKHPDLQUHQHZDEOH
HQHUJ\VRXUFHVLVFRPSOH[DQGUHTXLUHVDSSURSULDWHDQGZHOOFRQVLGHUHGSODQQLQJ,QWKLVSDSHUFDVHVWXG\RISRWHQWLDO
VROXWLRQVZDVLQWURGXFHG)XUWKHUVWHSVDQGVWUDWHJLHVZHUHSURSRVHGLQDVKRUWWHUPPLGWHUPDQGORQJWHUPYLHZ
7KHVKRUWDQGPLGWHUPSODQQLQJVKRXOGEHEDVHGRQHYDOXDWLQJDQRSWLRQRIWUDSSLQJDQGWUDQVSRUWLQJVSDZQHUVWR
LQYHVWLJDWHGDSSURSULDWHKDELWDWV WKXVVXVWDLQLQJQDWXUDO UHSURGXFWLRQRIGLDGURPRXVVSHFLHV)XUWKHU WKH'DXJDYD
5LYHU FRQQHFWLYLW\ LPSURYHPHQWV VKRXOG EH LQYHVWLJDWHG XVLQJ EDVLQVFDOH DSSURDFK IRU GHYHORSLQJ ORQJWHUP
VWUDWHJ\/RQJWHUPWDUJHWVKRXOGUHPDLQDVUHRSHQLQJWKH'DXJDYDIRUPLJUDWRU\VSHFLHVLQWKHPRVWHIILFLHQWDQG
IHDVLEOHZD\
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